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A ventilation louver (10) includes a first plate (52) defiming
a first opening (74) therein for permitting fluid flow along a

first direction (128), a second plate (34) defining a vane (82)
therein, the vane at least partially covering the first opening,
and directing the fluid flow along a second direction (130),
non-parallel to the first direction, and a third plate (56)
defining a louvered opening (108) therein wherein the
louvered opening directs fluid flow along a third direction
(138), non-parallel to both the first direction and the second
direction. In a non-limiting example, the ventilation louver
may be disposed 1n a belly fairing of an aircratt.
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1
VENTILATION LOUVER

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application 1s a national phase application
under 35 U.S.C. 371 of International Patent Application No.
PCT/US2017/036735 filed on Jun. 9, 2017, which claims
priority from U.S. Provisional Patent Application Ser. No.
62/350,081, enfitled “VENTILATION LOUVER,” filed Jun.
14, 2016, the enftire contents of which are incorporated
herein by reference.

FIELD OF THE INVENTION

The present invention concerns a ventilation louver for an
aircraft. More specifically, the present invention concerns a
ventilation louver disposed in the belly fairing of an aircraift
that 1s configured to equalize the pressure within the belly
fairing with atmospheric pressure. In addition, the present
invention concerns a ventilation louver that also helps to
delay the progression of a fire into a compartment encoms-
passed by a belly fairing located beneath the aircrait’s
tuselage.

DESCRIPTION OF THE BACKGROUND AND
RELATED ART

As should be apparent to those skilled 1n the art, fire safety
1s a significant concern for the design of an aircraft.

Aircraft designers engineer several features into aircrait to
increase the survivability of a fire. For example, aircraft
designers incorporate fire retardant materials into the aircraft
to slow the progression of a fire within the cabin of the
atrcraft. In addition, aircraft designers incorporate physical
barriers within the structure of the aircrait to impede the
movement of fire 1n and through the aircratt.

Aircraft designers also incorporate features into an air-
craft to slow the ingress of fire from a location external to the
aircraft. As such, if there 1s an external fire, such as a ground
fire, the aircraft incorporates barriers to slow the fire from
entering the cabin, thereby increasing the time provided for
passengers to exit from the aircratt.

As should be apparent to those skilled 1n the art, there are
regulations that define the minimum predetermined period
of time during which an external fire should not penetrate the
tuselage.

In view of a desire for ever more safe aircraft, a need for

simple and efficient devices and components for ensuring
compliance with fire safety regulations has arisen.

SUMMARY OF THE INVENTION

The present invention addresses one or more of the
deficiencies with respect to the prior art.

In particular, the present invention provides a ventilation
louver that includes a first plate defining a first opening
therein for permitting fluid flow along a first direction, a
second plate defining a vane therein, the vane at least
partially covering the first opening and directing the fluid
flow along a second direction, non-parallel to the first
direction, and a third plate defining a louvered opening
therein wherein the louvered opening directs fluid flow
along a third direction, non-parallel to both the first direction
and the second direction.
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2

In one contemplated embodiment of the ventilation lou-
ver, the third direction 1s substantially perpendicular to the
first direction.

In another contemplated embodiment, the ventilation lou-
ver also includes a frame with side walls. The frame con-
nects the first plate to the third plate with the second plate
being positioned between the first plate and the third plate.
The side walls define a second opening therein for directing
fluid flow along the third direction, non-parallel to both the
first direction and the second direction.

Still further, the ventilation louver may be constructed
where the first opening 1s a plurality of first openings.

The ventilation louver may be constructed so that the vane
1s a plurality of vanes.

In this embodiment, the plurality of vanes in the ventila-
tion louver may be equal 1n number to the plurality of first
openings.

It 1s contemplated that the louvered opening in the ven-
tilation louver may encompass a plurality of louvered open-
ngs.

Additionally, for the ventilation louver, the second open-
ing may encompass a plurality of second openings.

For the ventilation louver, 1t 1s contemplated that the first
plate, the second plate, the third plate, and the frame may be
rectangular.

Additionally, the first plate, the second plate, the third
plate, and the frame of the ventilation louver may be made
from steel.

It 1s contemplated that the ventilation louver may be
disposable 1n a belly fairing of an aircraft.

The present invention also provides for a belly fairing for
an aircrait that includes a body and a ventilation louver
disposed 1n the body. The ventilation louver 1s contemplated
to include a first plate defining a first opening therein for
permitting tfluid flow along a first direction, a second plate
defining a vane therein, the vane at least partially covering
the first opening and directing the fluid tlow along a second
direction, non-parallel to the first direction, and a third plate
defining a louvered opening therein wherein the louvered
opening directs fluid flow along a third direction, non-
parallel to both the first direction and the second direction.

For the belly fairing, the third direction may be substan-
tially perpendicular to the first direction.

It 1s also contemplated that the belly fairing may include
a frame having side walls. The frame may connect the first
plate to the third plate with the second plate being positioned
between the first plate and the third plate. 11 so, the side walls
may define a second opening therein for directing tluid flow
along the third direction, non-parallel to both the first
direction and the second direction.

For the belly fairing, 1t 1s contemplated that the first
opening may encompass a plurality of first openings.

Still further, the vane 1n the belly fairing may encompass
a plurality of vanes.

Additionally, for the belly fairing, the plurality of vanes 1s
contemplated to be equal 1n number to the plurality of first
openings.

Next, the belly fairing 1s contemplated to have a construc-
tion where the louvered opening encompasses a plurality of
louvered openings.

In yet another contemplated embodiment of the belly
fairing, the second opening may encompass a plurality of
second openings.

For the belly fairing, it 1s contemplated that the first plate,
the second plate, the third plate, and the frame may be
rectangular.
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Moreover, it 1s contemplated that the first plate, the
second plate, the third plate, and the frame in the belly
fairing may be made from steel.

The present invention also provides for a ventilation
louver that includes a first component defining a first open-
ing therein for directing fluid flow along a first direction, a
second component defining a second configuration for
directing fluid flow along a second direction, non-parallel to
the first direction, and a third component defimng a third
configuration for directing fluid flow along a third direction,
non-parallel to both the first direction and the second direc-
tion.

Further aspects of the present mvention will be made
apparent from the paragraphs that follow.

BRIEF DESCRIPTION OF THE DRAWING(S)

The present imnvention will now be described 1 connec-
tion with the drawings appended hereto, in which:

FIG. 1 1s a perspective illustration of an aircraft from a
bottom, starboard perspective, the aircraft being exemplary
of the type of aircrait that 1s contemplated to incorporate the
ventilation louver of the present imnvention;

FIG. 2 1s a perspective 1llustration of a ventilation louver
of the type known 1n the prior art;

FIG. 3 1s an exploded, perspective illustration of the
ventilation louver according to the present invention; and

FIG. 4 1s a perspective 1llustration of the ventilation
louver of the present invention, showing one contemplated
location for the installation of the louver within the belly
fairing of the aircraft.

DETAILED DESCRIPTION OF
EMBODIMENT(S) OF THE INVENTION

The present invention will now be described 1 connec-
tion with one or more embodiments thereof. The discussion
of the embodiments 1s not intended to be limiting of the
present invention. To the contrary, any discussion of
embodiments 1s intended to exemplify the breadth and scope
of the present invention. As should be apparent to those
skilled 1n the art, vanations and equivalents of the embodi-
ment(s) described herein may be employed without depart-
ing from the scope of the present invention. Those variations
and equivalents are intended to be encompassed by the
scope of the present patent application.

FIG. 1 1s a perspective view of an exemplary aircrait 12
which may comprise a belly fairing generally shown at 26,
as will be described below. Aircrait 12 may be any type of
aircraft such as corporate (e.g., business jet), private, com-
mercial and passenger aircrait. For example, aircraft 12 may
be a narrow-body, twin-engine jet airliner. Aircraft 12 may
be a fixed-wing aircraft. Aircrait 12 may comprise wings 16,
18 including flight control surfaces (not shown), fuselage 14,
engines 24 and empennage 22 of known or other type. One
or more of engines 24 may be mounted to each of wings 16,
18. Alternatively, or in addition, one or more of engines 24
may be mounted to fuselage 14 or be 1nstalled on aircraft 12
in any suitable manner.

The present mvention relates generally to a ventilation
louver 10 located within the belly fairing 26 of aircraft 12.
In some embodiments, the ventilation louver 10 provides a
construction that delays fire penetration into the enclosure
defined by the belly fairing 26, and as such into the fuselage
14.

In the discussion that follows, the ventilation louver 10 of
the present invention will be described 1n connection with
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4

aircrait 12. However, the present invention should not be
understood to be limited to aircrait 12 or to aircraft, gener-
ally. The ventilation louver 10 of the present invention may
be employed on other vehicles including, for example, train
cars and busses. Still further, the ventilation louver 10 of the
present invention may be employed 1n civil engineering
projects, such as houses and buildings.

The belly fairing 26, which 1s defined by a body, may
cover structural elements of the aircratt 12 including, among
other features, the landing gear for the aircrait 12. The belly
fairing 26 1s designed to establish a suitable, acrodynamic
surface contour around the components enclosed thereby.

In the illustrated embodiment, the fuselage 14 of the
aircrait 12 1s contemplated to be made from aluminum or an
alloy of aluminum and the belly fairing 26 1s contemplated
to be made from a composite matenal, such as a carbon fiber
composite material.

During an external fire scenario, the composite belly
fairing 26 may provide a temporary fire barrier for the
aluminum fuselage 14, providing enough time for passenger
evacuation. As will be described in more detail below, the
ventilation louver 10 according to the present nvention
provides a structure that reduces flame energy and, thus,
assists the composite belly fairing 26 in delaying fire pen-
etration 1nto the fuselage 14.

The ventilation louver 10 1s provided in the belly fairing
26 1 order to allow pressure equalization between fairing
space and atmosphere and to allow system heat venting.
FIG. 4, which 1s discussed 1n greater detail below, 1llustrates
two openings 28, 30, which represent two possible locations
for the ventilation louver 10 according to the present inven-
tion. The locations of the opemings 28, 30 are not intended
to limit the present invention.

As should be apparent to those skilled 1n the art, the two
openings 28, 30 establish a pathway into and out of the
compartment encompassed by the belly fairing 26 for per-
mitting ventilation and pressure equalization.

One example of a ventilation louver 32 according to the
prior art 1s 1llustrated in FIG. 2. When addressing fire safety,
the openings 28, 30 present an engineering challenge. While
the openings 28, 30 facilitate pressure equalization and heat
dissipation, the openings 28, 30 also potentially permit fire
to creep from the exterior of the aircrait into the compart-
ment enclosed by the belly fairing 26. In other words, 1n the
event of an external fire 126, it 1s contemplated that the fire
may enter into the compartment encapsulated by the belly
fairing 26 through the ventilation louver 32, along a rela-
tively direct path.

The ventilation louver 32 comprises a plate 34 with four
sides 36 defining a periphery. The plate 34 includes a
number ol openmings 38 that permit the plate 34 to be
attached to the fuselage 14 via a plurality of fasteners, such
as rivets or screws. The plate 34 includes a plurality of
louvers 40. Each of the louvers 40 extends adjacent to and
covers elongated openings 42. Each louver 40 establishes a
relatively direct path 44 for the fire 126 to pass through the
ventilation louver 32, thereby allowing the creep of the fire
126 into the interior of the fuselage 14.

As noted above, aircraft, such as the aircraft 12, are
designed to incorporate features that retard the progression
of a fire 126, thereby maximizing the survivability of such
a fire 126 by passengers.

The ventilation louver 10 according to the present mven-
tion improves upon the ventilation louver 32 of the prior art
by establishing a fire path 142, which i1s convoluted and
tortuous by comparison with the direct path 44 illustrated in
FIG. 2. For this reason, among others, the ventilation louver
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10 of the present invention 1s better able to retard the
progress of a fire 126 from an external source.

FIG. 3 illustrates a fire 126 in relation to the ventilation
louver 10 according to the present invention. As should be
apparent to those skilled 1n the art, the term *“fire” 126 refers
to the energy produced as a result of the burning of a
combustible material 1n the presence of oxygen from the air
to produce light, heat, and combustion products.

As also should be apparent to those skilled in the art, a fire
spreads through at least one of three different mechanisms.
First, a fire may spread through conduction, which involves
the transier of energy (i.e., heat) by direct contact with a
particular material. Second, a fire may spread through con-
vection, which mvolves the transfer of heat through contact
between heated gases (1.e., air) and an area cooler than the
heated gases. Third, a fire may propagate though radiation,
which 1s the transmission of heat via light (1.e., infrared
radiation).

Fire 126 also “progresses” or “flows” 1n some ways like
a liquid, because fire “follows™ the source of fuel, including
oxygen and the combustible materials. Therefore, to facili-
tate the discussion that follows, the movement of the fire 126
will be referred to as the “progression” or “tlow” of the fire
126 from one location to another. The discussion of the
progression or tlow of the fire 126 1s intended to encompass
any ol the mechanisms, including conduction, convection,
and radiation, by which the fire 126 may spread.

As 1llustrated 1n FIG. 3, the ventilation louver 10 of the
present invention includes a first plate 52, a second plate 54,
a third plate 56, and a frame 58. Each of the first plate 52,
the second plate 54, the third plate 56, and the frame 58 are
contemplated to establish first, second, third, and fourth
barriers, respectively, to the flow of fire 126 through the
ventilation louver 10.

In the illustrated embodiment, the first plate 52, the
second plate 54, the third plate 56, and the frame 38 are
contemplated to be made from a metal, such as steel,
because steel has a higher melting point than aluminum
which 1s used 1n the fuselage structure. As a metal, steel also
1s resistant to combustion.

While steel 1s contemplated to be the primary material for
the construction of the first plate 52, the second plate 54, the
third plate 56, and the frame 58, other metals may be
employed without departing from the scope of the present
invention. Such other metals include, but are not limited to
alloys of steel, 1ron, alloys of 1ron, brass, copper, alloys of
copper, bronze, and the like.

Still further, the first plate 52, the second plate 54, the
third plate 56, and the frame 38 may be made from non-
metallic materials including ceramics, plastics, eftc.

Separately, 1t 1s contemplated that each of the first plate
52, the second plate 354, the third plate 56, and the frame 58
will be constructed from the same material. However, the
present invention does not require such a construction. It 1s
contemplated that each of the first plate 52, the second plate
54, the third plate 56, and the frame 58 may be made from
a different material, as required or as desired. In one con-
templated embodiment, for example, the second plate 54
may be made from a ceramic material while the remaining
clements of the ventilation louver 10 are made from steel.

It 1s noted that the terms “first,” “second,” and “third” are
employed to facilitate reference to components of the ven-
tilation louver 10. These appellations are not intended to be
limiting of the present invention, nor are they intended to
imply or require a specific order for the three plates 52, 54,
56. For example, the third plate 56 may be moved to the
position of the first plate 52 and vice-versa without departing,
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6

from the scope of the present invention. Moreover, 1t 1s
contemplated that additional plates may be incorporated into
the ventilation louver 10. For example, two of the second
plates 54 may be positioned between the first plate 52 and
the third plate 56 to offer still further fire protection.

With continued reference to FIG. 3, the first plate 52 may
be a plate defining a periphery 68 that surrounds a central
areca 70. In the non-limiting embodiment shown, the first
plate 52 1s a rectangular plate that comprises four sides 60,
62, 64, 66, but it 1s to be understood that the first plate 52
may comprise any shape without departing from the present
invention. The periphery 68 1s contemplated to be thicker
than the central area 70. The periphery includes a plurality
of openings 72, which are contemplated to receive fasteners
122 so that the ventilation louver 10 may be aflixed to the
belly fairing 26. FI1G. 4 1llustrates a plurality of fasteners 122
surrounding the opening 28, for example. The central area
70 1ncludes a plurality of elongate openings 74, 76, 78, 80
therethrough.

The first plate 52 1s contemplated to be made from a metal
material, such as steel, as discussed above. In particular, the
first plate 52 1s contemplated to be manufactured from a
sheet of steel with the openings 72, 74, 76, 78, 80 being
punched therethrough.

As should be apparent to those skilled in the art, the first
plate 52 may be manufactured according to any alternative
methodology. For example, the openings 72 may be drilled
through the periphery 68. The elongate openings 74, 78, 78,
80 may be cut through the central area 70 by any suitable
means 1ncluding, but not limited to, a saw, bit, laser, high
pressure water jet, or the like. As illustrated 1in FIG. 3, the
first plate 52 1s contemplated to be attached to the belly
fairing 26 such that 1t 1s exposed to the outside environment.

The second plate 54 1s illustrated as a combination of a
plurality of vanes 82, 84, 86, 88. Although the second plate
54 1s described as being a plate, it 1s to be understood that
the plurality of vanes 82, 84, 86, 88 may each be indepen-
dent components that are individually connected to plate 52.

In the illustrated embodiment, each of the plurality of
vanes 82, 84, 86, 88 shares the same construction. In
particular, each vane 82, 84, 86, 88 has a first tlange 90, a
diagonal portion 92, and a second flange 94. While the vanes
82, 84, 86, 88 are shown as having the same construction,
this 1s not required to practice the present invention. To the
contrary, the vanes 82, 84, 86, 88 may have diflerent
constructions from one another without departing from the
scope of the present mnvention.

The vanes 82, 84, 86, 88 forming the second plate 54 are
contemplated to extend from the first plate 52 1n a direction
towards the third plate 56. In the 1llustrated embodiment, the
first flanges 90 of the vanes 82, 84, 86, 88 contact the top
surface of the central area 70 of the first plate 52. The second
flanges 94 of the vanes 82, 84, 86, 88 may contact the bottom
surface of the third plate 56.

The plurality of vanes 82, 84, 86, 88 are contemplated to
be disposed adjacent to each of the elongate openings 74, 76,
78, 80 respectively, such that the diagonal portions 90 and
the second flanges 92 of the vanes 82, 84, 86, 88 extend over
the elongate openings 74, 76, 78, 80. When viewed from the
perspective of the third plate 56, therefore, the elongate
openings 74, 76, 78, 80 are completely obscured by the
vanes 82, 84, 86, 88.

With continued reference to the second plate 54, the
plurality of vanes 82, 84, 86, 88 arc shown as separate
elements. However, the vanes 82, 84, 86, 88 need not be
separate from one another. To the contrary, 1t 1s contem-
plated that the plurality of vanes 82, 84, 86, 88 may form a




US 11,668,490 B2

7

unitary construction. For example, 1t 1s contemplated that the
plurality of vanes 82, 84, 86, 88 may be connected to one
another via one or more peripheral frames and/or connec-
tors.

In the illustrated embodiment, 1t 1s contemplated that the
plurality of vanes 82, 84, 86, 88 are aflixed to the first plate
52 to secure the plurality of vanes 82, 84, 86, 88 in relation
to the plurality of elongate openings 74, 76, 78, 80. In this
contemplated arrangement, the first flanges 90 of each of the
plurality of vanes 82, 84, 86, 88 may be attached to the first
plate 52 by any suitable means including, but not limited to,
welding, tack welding, brazing, riveting, and fastening by
any suitable fastener such as a threaded fastener. While
welding or tack welding are contemplated to be suitable for
attaching the plurality of vanes 82, 84, 86, 88 to the first
plate 52, the present invention should not be understood to
be limited solely to such a construction.

The plurality of vanes 82, 84, 86, 88 are contemplated to
be stamped and/or molded from steel, as discussed above.
However, as also mentioned, the vanes 82, 84, 86, 88 need
not be stamped or molded from steel. In one alternative
embodiment, the vanes 82, 84, 86, 88 may be made from an
alternative heat-resistant material, such as ceramic.

With continued reference to FIG. 3, the third plate 56 1s
contemplated to be rectangular in shape and has four sides
96, 98, 100, 102. It should however be understood that other
shapes are also contemplated and within the scope of the
present invention. The four sides 96, 98, 100, 102 surround
a louvered area 104 having a plurality of louvers 106 and
openings 108. Each of the louvers 106 1s associated with an
opening 108. As illustrated in FI1G. 3, the louvers 106 and the
openings 108 extend nearly the entire width of the third plate
56.

It 1s noted that the shape, length, and distribution of the
louvers 106 and the openings 108 1s not intended to be
limited to the construction illustrated 1n FIG. 3. The louvers
106 and openings 108 may be placed at any suitable location
and orientation on the third plate 56, as required or as
desired. Moreover, the louvers 106 and the openings 108
need not extend the full width of the third plate 56. As should
be apparent to those skilled 1n the art, there are numerous
alternatives to the construction to the third plate 56 that may
be employed without departing from the scope of the present
invention.

In accordance with a non-limiting embodiment, the num-
ber of louvers 106 on third plate 56 may be greater than the
number of openings 74, 76, 78, 80 on first plate 52. As such,
the density of louvers 106 may be greater than the density of
clongate openings 74, 76, 78, 80.

Like the first plate 52, the third plate 56 1s contemplated
to be stamped from a sheet of steel. As noted above,
alternative materials may be employed without departing
from the scope of the present invention.

Consistent with the first plate 52 and the third plate 56, the
frame 58 1s rectangular 1in shape. As should be apparent, the
shape of the frame 58 1s likely to compliment the shapes of
the first plate 52 and the third plate 56. However, any
suitable shape may be employed for the frame 58 without

departing from the scope of the present invention.
The frame 58 has four sides 110, 112, 114, 116. The four

sides 110, 112, 114, 116 define a predetermined height H.
The height H may be the distance between the first plate 52
and the third plate 56. The height H may also define the
height (or approximate height) of the vanes 82, 84, 86, 88
tforming the second plate 54. Alternatively the height H may
be different from the approximate height of the vanes 82, 84,
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86, 88, such that a gap may be positioned between the
flanges 94 of the vanes 82, 84, 86, 88 and the third plate 56.

Each of the sides 110, 112, 114, 116 includes flanges 118
at the top ends thereof. The flanges 118 includes openings
120. The openings 120 are contemplated to receive fasteners
therein. In one contemplated embodiment, the openings 120
may be in register with the fasteners 122.

As 1llustrated 1n FIG. 4, the third plate 56 1s contemplated
to be sandwiched between the tlanges 118 and the second
plate 54. Accordingly, the third plate 56 does not include
fastener openings, at least not for the illustrated embodi-
ment. It 1s contemplated that the third plate 56 may be
aflixed to the frame 38 via welding, brazing, or the like.
While not shown, the third plate 56 also may include
openings to receive fasteners, including the fasteners 122.

With continued reference to FIG. 3, the side 110 of the
frame 38 includes elongate openings 124. While three
clongate openings 124 are illustrated, the frame 58 may
include a fewer or a larger number of elongate openings 124,
as required or as desired. Although only shown 1n one wall
110, 1t 1s to be understood that elongate openings may be
provided 1in remaiming sides 112, 114, 116 of the frame 58 as
well.

In FIG. 3, the three directions X, Y, Z for a Cartesian
coordinate system are provided to assist with a discussion of
the manner 1n which the plates 52, 54, 56 and the frame 58
cooperate to slow the progress of the fire 126 through the
ventilation louver 10. The location of the fire 126 1s provided
outside of the first plate 52. As noted above, the fire 126 1s
contemplated to be a ground fire 126 and, therefore, finds 1ts
origin exterior to the aircraft 12. The “exterior” and “inte-
rior” regions ol the belly fairing 26 of the aircrait 12 are
identified in FIG. 3, for reference.

As shown 1n FIG. 3, the fire 126 imitially propagates 1n the
direction indicated by the arrow 128. The arrow 128 1is
generally 1n a first direction, which 1s generally 1n direction
of the Z-axis of the Cartesian coordinate system.

As should be apparent, the arrow 128 1s generally 1n the
direction of the Z-axis because the ventilation louver 10
generally extends along the plane defined by the X-axis and
the Y-axis. This orientation, however, 1s not intended to limit
the scope of the present invention. The ventilation louver 10
1s contemplated to be ellective regardless of 1ts angular
position with respect to the X-axis, the Y-axis, and/or the
7-axis.

With reference to FIG. 3, the first plate 52 establishes a
first barrier to the fire 126 to slow the progression or flow of
the fire 126 from the exterior of the belly fairing 26 to the
interior of the belly fairing 26. In particular, since the first
plate 52 1s contemplated to be made from metal, the first
plate 52 acts as a mirror, at least with respect to radiant
energy, to retlect the heat from the fire 126 1n the direction
of the arrow 1350.

It 1s noted that the openings 74, 76, 78, 80 define lengths
that are generally parallel to the Y-axis. As a result, in the
illustrated embodiment of the ventilation louver 10, the
openings 74, 76, 78, 80 are orthogonal to the arrow 128.

After passing through the first plate 52, the fire 126
reaches the second plate 54, which comprises vanes 82, 84,
86, 88. At this stage, the direction of the fire 126 1s diverted
along a second direction that 1s generally along the direction

of the arrow 130. Specifically, the diagonal portions 92 of
the vanes 82, 84, 85, 88 cause the fire 126 to be diverted in

the direction of the X-axis. This diversion in the direction of
the tlame causes the energy of the fire to diminish as 1t
begins 1ts circuitous path through the ventilation louver 10.

Energy from the fire 126 1s lost when the energy 1s diverted
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in the direction of the arrow 130 by the vanes 82, 84, 86, 88.
As a result, the strength of the fire 126 1s diminished at the
location of the arrow 130 by comparison with the strength of
the fire 126 at the arrow 128.

The energy of the fire 126 1s diverted a second time when
the energy 1s redirected again 1n the direction of the Z-axis.
This occurs at the location of the arrow 132 as a result of
further 1interaction with the vanes 82, 84, 86, 88. As should
be apparent, therefore, by redirecting the progression of the
fire 126, the second plate 34 establishes a second barrier to
the flow of the fire 126 through the ventilation louver 10.

From the location of the arrow 132, the energy of the fire
126 has two paths. First, the energy of the fire 126 may exit
from the frame 58 through the elongate openings 124. This
path 1s designated by the arrows 134, 136. Second, the
energy of the fire 126 may exit through the louvers 106 on
the third plate 56. This path 1s designated by the arrows 138,
140.

As 1s apparent from FIG. 3, 1f the energy of the fire 126
travels along the first path defined by the arrows 134, 136,
the energy of the fire 126 1s directed out of the side of the
ventilation louver 10 through the elongate openings 124. IT
the energy of the fire 126 continues along the second path
defined by the arrows 138, 140, the energy of the fire 126
exits through the third plate 56.

In either case, the energy of the fire 126 1s further
diminished from the magnitude at the location of the arrow
132. In particular, for each of the first path and the second
path, the energy of the fire 126 1s redirected from the Z-axis
to a third direction, generally along the direction of the
Y-axis, as indicated by the arrows 134, 138. As a result, the
energy of the fire 126 at the arrows 136, 140 1s less than the
energy of the fire 126 at the arrow 132.

As should be apparent from the foregoing, therefore, the
third plate 56 establishes a third barrier to the progression of
the fire 126 through the ventilation louver 10, because 1t
redirects the fire 126 along a different direction. Similarly,
the frame 58 establishes a fourth barrier to the progression
of the fire 126 through the ventilation louver 10 for the same
reasons.

As the fire travels through the ventilation louver 10, 1t
travels along a first direction generally along the Z axis
(arrow 128), along a second direction generally in the
direction of the X axis (arrow 130) and along a third
direction generally along the Y axis (arrows 136 and 140).
This changing of direction helps in diminishing the fire’s
energy and delaying its progression into the belly fairing
compartment. The third direction 1s non-parallel to both the
first direction and the second direction.

As should be apparent from the foregoing, the energy of
the fire 126 1s diminished at least 1n part because the energy
of the fire 126 traverses a convoluted or tortuous path 142
from the first plate 52 to the third plate 56. The convoluted
path 142 also avoids a direct path (such as the direct path 44
illustrated 1n connection with the prior art ventilation louver
32) from the first plate 52 to the third plate 56 and, thereby,
prevents radiant energy from being transmitted through the
ventilation louver 10. Regardless of the means for the
progression of the fire, because of the convoluted path 142,
the mgress of the fire 126 1nto the interior of the belly fairing
26 may be slowed.

With further reference to FIG. 3, the first plate 52 includes
a trapezoidal area 144 extending inwardly from the side 66.
The trapezoidal area 144 1s a portion of the periphery 68 of
the first plate 52. Similarly, the frame 58 includes a com-
plimentary trapezoidal indentation 146 on the side 116. The
third plate 56 includes a complimentary trapezoidal notch
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148. Each of the trapezoidal area 144, the trapezoidal
indentation 146, and the trapezoidal notch 148 are provided
in the ventilation louver 10 to accommodate an obstruction
specific to the aircraft 12. As should be apparent, the
trapezoidal area 144, the trapezoidal indentation 146, and
the trapezoidal notch 148 are optional elements of the
ventilation louver 10.

As should be apparent from the foregoing, the ventilation
louver 10 of the present invention 1s contemplated to have a
rectangular shape. However, the ventilation louver 10 of the
present invention may take any shape without departing
from the scope of the present invention. Contemplated
shapes include, but are not limited to, square, triangular,
polygonal, circular, oval, elliptical, curved, and amorphous.

FIG. 4 1s a perspective 1illustration of the ventilation
louver 10 as 1t may appear when 1nstalled in the opening 30.
For 1illustration purposes, the opening 28 excludes a venti-
lation louver 10.

With renewed reference to the convoluted path 142, it 1s
noted that a portion of the energy of the fire 126 1s reflected
back at the fire 126 by the first plate 32 in the direction of
the arrow 150. Accordingly, only a portion of the energy
from the fire 126 enters 1nto the ventilation louver 10 at 1ts
exterior or first side. As noted, the energy of the fire 126 1s
dissipated, because the travel direction of the energy is
changed at four locations, the arrow 130, the arrow 132, the
arrow 134 (first path), and the arrow 138 (second path).
Therefore, if the energy from the fire 126 follows the first
path, there are three detlections at the arrow 130, at the
arrow 132, and at the arrow 134. If the energy from the fire
126 follows the second path, there also are three deflections
at the arrow 130, at the arrow 134, and at the arrow 138.

As should be apparent from FIG. 3, the arrow 130 causes
the energy to transition from the Z-axis to the X-axis. The
arrow 132 causes the energy to transition from the X-axis to
the Z-axis. The arrows 134 and 138 cause the energy to
transition from the Z-axis to the Y-axis. Each of these
changes mvolves a change in direction.

Since the X-, Y-, and Z-axes are not considered to be
limiting of the present invention, 1t 1s noted that the three
axes may be labeled more generically as the first coordinate
axis or first direction, the second coordinate axis or second
direction, and the third coordinate axis or third direction.
Following this convention, the arrow causes the energy from
the fire 126 to transition from the first coordinate axis to the
second coordinate axis (or the first direction to the second
direction). The arrow 132 causes the energy from the fire
126 to transition from the second coordinate axis back to the
first coordinate axis (or the second direction to the first
direction). The arrows 134 and 138 cause the energy from
the fire 126 to transition from the first coordinate axis to the
third coordinate axis (or the first direction to the third
direction).

With continued reference to FIG. 3, specifically the third
plate 56, it 1s noted that the total area of the openings 108
determines, at least in part, the amount of energy directed
through the first path and through the second path. In
particular, assuming all things being equal, i1 the area of the
openings 108 1s designed to be equal to the area of the third
plate 56 that does not include openings 108, approximately
half of the energy from the fire 126 would be expected to be
directed through the first path. The remaining half of the
energy from the fire 126 would then be directed through the
second path.

Concerning the first plate 52, 1t 1s contemplated that the
area of the openings 74, 76, 78, 80 will be less than half of

the total area of the first plate 52, particularly the central area
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70. As should be apparent from the foregoing, therefore, 1t
1s contemplated that the amount of energy from the fire 126
passing through the ventilation louver 10 may be controlled
by altering the area of the openings 74, 76, 78, 80.

For clarity, the ventilation louver 10 of the present inven-
tion 1s provided 1n the body of the belly fairing 26 to serve
multiple functions.

Without limiting the scope of the present invention, the
ventilation louver 10 permits air pressure to equalize from
the interior side of the ventilation louver 10 to the exterior
side, as illustrated 1n FIG. 3. Specifically, the ventilation
louver 10 establishes an opening from the interior of the
belly fairing 26 to the exterior of the aircrait 12 so that the
pressure within the belly fairing may equalize to atmo-
spheric pressure.

In addition, the ventilation louver 10 acts as an exhaust
vent. The ventilation louver 10 provides a pathway for
exhausting heated air that may be generated by the operation
of one or more components enclosed within the body of the
belly fairing 26. This 1s to assist with cooling of selected
components on board the aircraft 12.

Still further, the ventilation louver 10 creates a convoluted
path 142 to retard the ingress of fire 126 into the compart-
ment within the belly fairing 26 and also the fuselage 14, as
discussed above, without hindering 1ts ability to provide
suitable ventilation and pressure equalization.

For purposes of assisting with an understanding of the
present invention, the convoluted path 142 1s understood to
establish a fluid flow path from the interior side of the
ventilation louver 10 to the exterior side and vice-versa. In
a first instance, the fluid 1s air. In a second instance, the fluid
1s the energy associated with the fire 126. Therefore, 1n the
first 1nstance, the fluid flow encompasses an air flow from
the interior side of the ventilation louver 10 to the exterior
side, which may occur when exhausting heated air from the
operation of components within the belly fairing 26. Still
turther, the fluid flow encompasses an air flow (e.g., the air
movement) that occurs when the pressure equalizes between
the 1nterior side of the ventilation louver 10 and the exterior
side. In the second 1nstance, the fluid flow encompasses the
progression of the fire 126 (i.e., the movement of the energy
of the fire 126) from the exterior side of the ventilation
louver 10 to the interior side.

While the ventilation louver 10 of the present invention 1s
contemplated to provide at least the features discussed
above, the present invention i1s not intended to be limited
thereto. As should be appreciated by those skilled 1n the art,
there are numerous other advantages offered by the venti-
lation louver 10 of the present invention.

As noted above, the embodiment(s) described herein are
intended to be exemplary of the wide breadth of the present
invention. Varnations and equivalents of the described
embodiment(s) are intended to be encompassed by the
present invention, as ii described herein.

What 1s claimed 1s:

1. A belly fairing for an aircraft, comprising:

a body; and

a ventilation louver disposed in the body and configured

for delaying fire penetration, comprising:

a first plate defining a first opening therein for permait-
ting fluid flow along a first direction;

a second plate defining a vane therein, the vane at least
partially covering the first opening and directing the
fluid flow along a second direction, non-parallel to
the first direction; and

a third plate defining a louvered opeming therein
wherein the louvered opening directs the fluid tlow
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along a third direction, non-parallel to both the first
direction and the second direction.

2. The belly fairing of claim 1, wherein the third direction
1s substantially perpendicular to the first direction.

3. The belly fairing of claim 1, further comprising:

a frame comprising side walls, the frame connecting the
first plate to the third plate with the second plate being
positioned between the first plate and the third plate, the
side walls defining a second opening therein for direct-
ing the fluid flow along the third direction, non-parallel
to both the first direction and the second direction.

4. The belly fairing of claim 3, wherein the second

opening comprises a plurality of second openings.

5. The belly fairing of claim 1, wherein the vane com-
prises a plurality of vanes.

6. The belly fairing of claim 5, wherein the first opening
comprises a plurality of first openings and wherein the
plurality of vanes are equal in number to the plurality of first
openings.

7. The belly fairing of claim 1, wherein the louvered
opening comprises a plurality of louvered openings.

8. The belly fairing of claim 1, wherein the first plate, the
second plate, the third plate, and the frame are made from
steel.

9. The belly fairing of claim 1, wherein said vane com-
prises a first flange contacting said first plate and a second
flange contacting said third plate.

10. The belly fairing of claim 1, wherein said first opening
1s perpendicular to said louvered opening.

11. An arrcraft comprising a belly fairing, the belly fairing
comprising;

a body; and

a ventilation louver disposed in the body and configured
for delaying fire penetration, comprising:

a first plate defining a {irst opening therein for permait-
ting fluid flow along a first direction;

a second plate defiming a vane therein, the vane at least
partially covering the first opening and directing the
fluid flow along a second direction, non-parallel to
the first direction; and

a third plate defining a louvered opening therein
wherein the louvered opening directs the fluid flow
along a third direction, non-parallel to both the first
direction and the second direction.

12. The aircraft of claim 11, wherein the third direction 1s
substantially perpendicular to the first direction.

13. The aircrait of claim 11, wherein the belly fairing
further comprises:

a frame comprising side walls, the frame connecting the
first plate to the third plate with the second plate being
positioned between the first plate and the third plate, the
side walls defining a second opening therein for direct-
ing the fluid flow along the third direction, non-parallel
to both the first direction and the second direction.

14. The aircraft of claim 13, wherein the second opening
comprises a plurality of second openings.

15. The aircraft of claim 11, wherein the vane comprises
a plurality of vanes.

16. The aircraft of claim 15, wherein the first opening
comprises a plurality of first openings and wherein the
plurality of vanes are equal in number to the plurality of first
openings.

17. The aircraft of claim 11, wherein the louvered opening
comprises a plurality of louvered openings.

18. The aircraft of claim 11, wherein the first plate, the
second plate, the third plate, and the frame are made from
steel.
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19. The aircraft of claim 11, wherein said vane comprises
a first flange contacting said first plate and a second flange
contacting said third plate.

20. The aircraft of claim 11, wherein said first opening 1s
perpendicular to said louvered opening. 5
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